N eck pain is a prevalent and burdensome condition particularly in office workers compared to other occupations. [1] [2] [3] The annual prevalence of neck pain in office workers varies from 42% to 63%, 1, 4, 5 and office workers have the highest incidence of neck disorders among all other occupations, at 17% to 21%. 6, 7 Approximately 34% to 49% of workers report a new onset of neck pain during a 1-year follow-up. 1, 2, 5, 8 The impact of neck pain is significant not just for the individual, but also for industry and society. 3 Workers who do not return to work within 1 to 2 months are at high risk of developing disability and may cease work altogether. 3 Costs associated with neck pain place a burden on employers, society, and the individual through care-seeking behavior, reduced productivity, and workers' compensation claims. 3, 9, 10 Workplace-based interventions are becoming important to reduce the burden of neck pain. This is due to the increasing responsibility of companies toward employee health, and the potential cost-savings and productivity gains associated with a healthy workforce. 3 Workplace-based interventions are broadly grouped into those that target the workers' health and/or knowledge (eg, exercise, education), or those that target the job task and environment (eg, ergonomics). Recent reviews conducted on workplace-based interventions found very low to low quality, or mixed evidence for the beneficial effects of exercise and ergonomic interventions on neck pain severity. However, these reviews examined all occupational categories, including office workers. 3, 11, 12 In contrast, other reviews have studied solely office workers, but not performed meta-analysis, nor considered the potential influence of individual factors, such as neck pain presence at baseline, or intervention characteristics, including participation in an intervention. [13] [14] [15] Current reviews have also not distinguished between studies investigating workers with and without neck symptoms (general population of office workers), and those with symptoms (office workers who are symptomatic). It is relevant to also investigate the effectiveness of workplace interventions in the general population of office workers given the lack of evidence for the prevention of neck pain. 1 The aim of this systematic review was to investigate the effectiveness of workplace-based interventions on the prevention and reduction of neck pain in office workers in comparison to other or to no interventions. This review extends previous reviews by doing subgroup analysis of 2 study populations-office workers who were symptomatic (ie, with neck pain) and a general population of office workers (ie, with or without neck pain)-and by exploring potential sources of heterogeneity, including the influence of participation rates.
Methods
This review followed the PRISMA guidelines for reporting systematic reviews and meta-analyses. 16 The Prospero registration number of this review is 42014006905. Although the original intent of the review (as stated in Prospero) was to include an additional primary outcome (ie, neck disability), and possibly secondary outcome(s), the preliminary literature search revealed inconsistency, and a lack of such studies that met the inclusion criteria of the review. In addition, a large amount of research on pain was encountered during the preliminary literature search, warranting the review to focus on the neck pain outcome only.
Data Sources and Searches
The electronic databases including MEDLINE (via PubMed), PEDro, CIN-HAL, and CENTRAL (via Cochrane Central Register of Controlled Trials) were used to search for literature from their inception to May 31, 2016 . Studies were restricted to those written in English, and in peer-reviewed literature. The search strategy was reviewed by a university librarian ( J.H.), and examples of the search terms used included "neck pain AND workplace AND office work" (Appendix). Additional sources were obtained from manual searching of relevant systematic reviews. Two reviewers (X.C., D.J.) independently performed the identification and screening (of titles and abstracts), and the eligibility assessment (of full texts).
Discrepancies were resolved by a third reviewer (B.K.C.).
Study Selection
Randomized controlled trials (RCTs) were included if the following criteria were present: the population consisted of office workers performing computer work for most of their work time; the intervention was performed onsite at the workplace only, and outcome measures included pain intensity or incidence/prevalence of neck pain. Prevalence was considered as the number/proportion of cases of neck pain, while incidence was considered as the number/proportion of new cases identified at a given time. Studies were excluded if participants had neck pain due to complex or severe pathological conditions such as radiculopathy, whiplash-associated disorders, headache/ dizziness related to neck pain, fracture, tumor, infections, and systemic diseases. Interventions performed partially at the worksite (eg, outpatient clinic combined with workplace interventions), or those performed in combination with manual therapy and physical therapy adjuncts, such as traction, acupuncture, neck collars, or nonportable electrotherapy, were excluded. Studies reporting only a combined assessment of neck, shoulder, and arm/hand pain were also excluded.
Data Extraction and Quality Assessment
One author (X.C.) independently extracted data using predefined data fields, and another author (B.K.C.) checked the accuracy of extracted data. 17 The predefined data fields were customized on the basis of the PICO (Population, Intervention, Control, and Outcomes) process and a modified Template for Intervention Description and Replication (TIDieR) checklist. 18 Data were subgrouped based on the type of intervention (eg, exercise, ergonomic intervention) and study population (eg, general population of office workers who were symptomatic). In addition to the a priori defined groups of "general population of office workers" and "office workers who were symptomatic," we defined a third subgroup, "at risk office workers," who are at risk of neck pain, which was relevant for only 1 trial. 5 Risk of bias was assessed by 2 independent reviewers (X.C., D.J.) using the updated 2015 guidelines for systematic reviews from the Cochrane Back and Neck Group (12 questions). 19 The tool assessed selection, performance, attrition, detection, and reporting biases. The possible results of the assessment include "high," "low," or "unclear" risk of bias. In the event where authors could not be contacted for information or where information is unavailable, the criterion was scored as "unclear." 19 In the category of participation in an intervention, the percentage of participation was calculated for each study intervention group where available. For the ergonomic interventions, the percentage of participation in all preset ergonomic modifications was calculated. As there are no current recommendations for distinguishing between high and low risk of bias for participation, we judged studies with participation rates of greater than or equal to 50% as having a low risk of bias and those with participation rates of less than 50% as having a high risk of bias.
Data Synthesis and Analysis
When studies demonstrated clinical homogeneity (ie, similar study intervention, comparator intervention, postintervention time frames, and pain outcome), 20 data were pooled using a weighted mean difference. Statistical heterogeneity was examined using the I 2 statistics, with values of 25%, 50%, and 75% indicating low, moderate, and high heterogeneity, respectively. 20 For continuous data, standardized mean differences (SMD) with 95% CI in pain intensity were calculated with a random-effects model. 21 The SMD (95% CI) for pain intensity was calculated by having the mean differences between the intervention and comparator groups divided by the pooled SD. The SMD was used, as it standardizes the results of studies to a uniform scale before they are combined. 21 A positive SMD (>0) indicated an effect in favor of the intervention, and a negative SMD (<0) favored the comparator. 22 When the CI did not cross 0, effects were deemed statistically significant. 22 An SMD of less than 0.5 indicated a small effect, SMDs of 0.5 to 0.8 indicated a medium effect, and an SMD of greater than 0.8 indicated a large effect. 22, 23 For dichotomous data, relative risk (RR) with corresponding 95% CI were calculated using postintervention neck pain incidence/prevalence values with a random-effects model. 21 The intervention was favored when RR was greater than 1, and the comparator was favored when RR was less than 1. Point estimates of effect were deemed statistically significant if the 95% CI for RR did not cross 1. 22 An RR of 1 to 1.25 or 0.8 to 1 indicated a small effect, an RR of 1.25 to 2 or 0.5 to 0.8 indicated a medium effect, and an RR of greater than 2 or less than 0.5 indicated a large effect. 22, 23 Data to calculate effect statistics were obtained from postintervention (final values) or, where possible, change from baseline values. If available, intention-to-treat data were used in favor of per-protocol data. Authors were contacted for additional data when not available in the published manuscript. All statistics were calculated using RevMan5 (version 5.3). 21 Qualitative analyses to evaluate the quality of evidence for single trials and the overall quality of evidence for pooled analyses were done using Grading of Recommendations Assessment, Development, and Evaluation criteria. 21 In these criteria, 5 main domains (risk of bias, imprecision, inconsistency, indirectness, and publication bias) are used to categorize evidence quality. The quality of evidence for all individual or pools of RCTs begin as high quality, and quality could be downgraded by 1 or 3 levels to very low, low, or moderate evidence. 19, 24 Downgrading for risk of bias was applied when the included studies (eg, Chiarotto et al 25 ) did not meet at least 50% of the 12-item checklist by Furlan et al. 19 For a set of trials, risk of bias was applied when more than 25% of total participants were from studies that did not meet the 50% cutoff of the same checklist. 19, 26 Downgrading for inconsistency was applied when there was high statistical heterogeneity (I 2 ≥75%), or when the direction of the study results was different in the majority (≥75%) of studies. 19 Evidence was downgraded for indirectness when there was uncertainty about the generalizability of the results based on the inclusion criteria defined in this review. 19 Imprecision was downgraded when a large CI was observed, when CIs were not reported in 1 or more studies, or when only 1 small study reported the outcome (total number of participants: <300). 19, 26 Publication bias was downgraded when the study results provided differed from the original protocol or study objectives. 19 The criterion was scored as "unclear" if the authors could not be contacted or if the information is no longer available. 19 The following definitions of quality of evidence were applied in this review: high-quality evidence means further research is very unlikely to change confidence in the estimate of effect; moderate-quality evidence means further research is likely to have an important impact on confidence in the estimate of effect and may change the estimate; low-quality evidence means further research is very likely to have an important impact on confidence in estimate of effect and is likely to change the estimate; and very low-quality evidence means very little confidence in the effect estimate. 19 Figure 1 shows the process of study selection, leading to 35 papers meeting the inclusion criteria. Several papers reported data from the same RCT (ie, same study population and trial registration numbers). To avoid double-counting, the results of studies from the same RCT were combined, analyzed, and referenced as a single RCT as follows: Andersen et al, [27] [28] [29] Blangsted et al, [30] [31] [32] [33] Martin et al, 34, 35 Bernaards et al, 36, 37 and Voerman et al. 38, 39 (These groups of RCTs were written by different authors but represent the same study population and share the same RCT trial registration numbers; the earliest publications of the groups of RCTs are cited here to represent each group.) Hence, a total of 27 RCTs were interpreted from the 35 papers, as reflected in the rest of this review. Four trials were identified for their clustered RCT design. 5, 27, 32, 40 In this review, clustering did not have an impact on the pooled effect sizes, as the studies that were being pooled were adjusted for clustering in their original analyses. 27, 32 Table 1 displays the characteristics of the included trials, and a summary of the review results is presented in Table 2 .
Results
All included RCTs recruited office workers performing mostly computer work, with some studies targeted at specific occupational groups such as call center workers 41 and medical secretaries. 42 Some studies recruited a general population of office workers (with or without neck pain), 27, 32, 43, 44 while others solely targeted office workers who were symptomatic (with neck pain). 36, 42, 45, 46 The criteria for office workers who were symptomatic varied between studies, with some using a self-reported pain rating scale (eg, pain intensity, ≥3/10), 27, 28, [30] [31] [32] [33] and others combining both pain intensity and duration (eg, pain intensity of at least 2 of 10 during the previous 3 months). 47, 48 Other studies specified additional clinical criteria, such as trapezius myalgia 49 and tension neck syndrome. 44 Twelve RCTs studied the effectiveness of exercise interventions, 8 studied ergonomic interventions, and 7 studied other interventions (ie, breaks, cognitive behavioral therapy [CBT], education, and myofeedback). Most RCTs addressing exercise interventions (67%), education, breaks, and myofeedback interventions (71%) focused on office workers who were symptomatic; whereas only 13% of trials of ergonomic interventions were undertaken in the symptomatic population. Of the exercise trials, 2 presented data for office workers who were symptomatic separately as a subgroup, 27, 28, [30] [31] [32] [33] and 1 trial studied the "at risk office workers," defined as workers without neck pain (at baseline), but lower than normal neck flexion range and neck flexor muscle endurance. 5 Four exercise RCTs reported the presence of musculoskeletal symptoms following strength training, but there were no lasting effects or major complications. 27, 32, 47, 49 
Assessment of Risk of Bias
Risk of bias of the included trials is presented in Figure 2 . All RCTs did not meet the patient and care provider blinding criteria, as it is not possible for the type of interventions performed in this review. Also, all RCTs did not meet the outcome assessor blinding criteria, as the primary outcome (pain) was self-reported. 19 Overall, 11 RCTs (41%) were rated "unclear" for participation, and 5 trials (19%) were rated high risk of bias. Ninety-two percent of the exercise RCTs reported participation; in comparison, the rates were 43% for the other interventions (ie, breaks, CBT, education, and myofeedback) and 25% for the ergonomic interventions. Of the exercise trials that reported participation, 73% scored low risk of bias. Sixty-seven percent of the other intervention trials, and only 50% of the ergonomic trials that reported participation scored low risk of bias. Seven RCTs (26%) were rated "unclear" for their randomization methodologies. Concealed allocation was performed in a minority of the trials (26%). 
Effects of Neck/Shoulder-Specific Strengthening and Endurance Exercises

Figure 1.
Study selection. RCT = randomized controlled trial. Three of these RCTs studied a general population of office workers, each finding no significant effect on neck pain intensity. 27, 32, 50 The intervention length for these studies was 4, 50 20, 27 and 52 32 weeks, with participation rates of 74%, 56%, and 45%, respectively. Data from the 4-week intervention could not be subjected to a meta-analysis due to lack of data for change from baseline and the short intervention period. 50 Meta-analysis of the other 2 trials 24, 28 (n = 674) found moderate quality evidence (downgraded for inconsistency) for the ineffectiveness of neck/ shoulder strengthening in comparison to no training in a general population of office workers (SMD = −0.03; 95% CI = −0.39 to 0.33) (Fig. 3A) . However, the high heterogeneity between the trials (I 2 = 77%) possibly was related to differences in intervention lengths (given that similar exercises and total training durations [60 min/wk]) were reported).
Six trials studied the effects of neck/ shoulder strengthening exercises in office workers who were symptomatic in comparison to no training. 27, 32, [47] [48] [49] 51 Although the intervention periods varied from 10 to 52 weeks, all trials showed a positive effect in favor of exercise intervention except for a single trial, which had the lowest participation at 39% (SMD = −0.08; 95% CI = 0.33 to 0.17). 51 Change from baseline data could not be obtained for this trial (with the lowest participation) and hence was excluded from meta-analysis. 51 Meta-analysis of the other 5 trials (n = 605) found moderate-quality evidence (downgraded for inconsistency), and a medium effect of neck/ shoulder strengthening exercises in office workers who were symptomatic (SMD = 0.59; 95% CI = 0.29 to 0.89) (I 2 = 57%) (Fig. 3B) . For the 5 trials subjected to a meta-analysis, there 32 Andersen et al, 2012 27 Kietrys et al, 2007 50,d Not serious 32 Andersen et al, 2008b 49 Andersen et al, 2011 47 Andersen et al, 2012 27 Andersen et al, 2014 48 Viljanen et al, 2003 51,d Not serious 55 Martin et al, 2003 35 Mahmud et al, 2015 40 Not serious was an observed trend toward higher SMD effect size with higher participation (45%-87%). A participation rate of greater than or equal to 66% was associated with an SMD of medium to large effect sizes (0.74-1.29) (Fig. 3B) .
A single trial (n = 33) of moderate-quality evidence (downgraded for imprecision) compared group-based neck/ shoulder strengthening exercises with individualized physical therapy and found no differences between the interventions in the reduction of neck pain intensity in office workers who were symptomatic (SMD = 0.04; 95% CI = −0.76 to 0.84). 46 In this trial, the intervention period was short (5-6 weeks), but the strengthening group had high participation at 86%. 46 One further large RCT (n = 567) of high-quality evidence recruited participants without neck pain but lower than normal neck flexion range and neck flexor muscle endurance ("at risk office workers"). 5 A large effect was found in favor of 52 weeks of combined neck endurance and stretching exercises (RR = 2.20; 95% CI = 1.50 to 3.22) in reducing neck pain incidence in the "at risk office workers" compared to no intervention. However, the participation levels in the trial varied from 30% (stretching exercise) to 57% (neck endurance exercise). The low participation in stretching may be related to the higher frequency of exercises expected by the study protocol (daily during break times versus twice per week for endurance exercise).
Effect of General Fitness Training
Two trials (n = 628) of low quality (downgraded for inconsistency and imprecision) found conflicting evidence for the effectiveness of general fitness exercises on reducing neck pain intensity in a general population of office workers. 32, 43 Of the 2 trials, a large 52-week study (n = 549) found insignificant differences between 1 hour of general fitness training per week (consisting of activities such as Nordic walking and running) and no training (SMD = −0.20; 95% CI = −0.44 to 0.05). 32 The other, smaller trial (n = 79) of 10 weeks found significant effectiveness of aerobics exercise (55 minutes, 3 times per week) compared to no intervention (P < .05). 43 Two RCTs (n = 127) studied the effect of 1 hour of general fitness training per week on office workers who were symptomatic in comparison to no training. 32, 49 In the trial that found a significant effect, training consisted of 52 weeks of all-around fitness exercises involving the whole body, 32 while the other that trial that found no significant effect consisted of 10 weeks of purely leg cycling. 49 When the 2 studies were pooled, meta-analysis found moderate-quality evidence (downgraded for imprecision) of a small effect in favor of 1 hour of general fitness training per week on reducing pain intensity in office workers who were symptomatic
Figure 2.
Summary of review authors' judgments about each risk-of-bias item for each included study.
population of office workers compared to no intervention. 54 
Effects of Ergonomic Interventions
The effect of multiple adjustments to the workstation (eg, combined keyboard, monitor, and mouse changes) was studied in 4 trials. 35, 40, 45, 55 Of these, 3 trials (n = 571) found low-quality evidence (downgraded for inconsistency and imprecision) of conflicting results for the effectiveness of multiple workstation (SMD = 0.43; 95% CI = 0.08 to 0.78) (I 2 = 0%) (Fig. 3C) .
Effects of Other Exercise Types
Three trials studied the impact of other exercise types, including stretching, 52 light whole-body resistance exercise, 53 and Qigong (Chinese martial arts). 54 A single trial (n = 90) of very low-quality evidence (downgraded for risk of bias and imprecision) found that 8 weeks of neck/shoulder stretching exercise alone was ineffective in reducing neck pain intensity compared to no stretching in a general population of office workers. 52 In another single trial (n = 126) of moderate-quality evidence (downgraded for imprecision), 15 weeks of wholebody resistance exercise was found to be effective in reducing neck pain in office workers who were symptomatic compared to no intervention. 53 A further single trial of moderate-quality evidence (downgraded for imprecision) found 6 weeks of daily Qigong ineffective in reducing neck pain in a general back (muscle biofeedback) intervention ineffective in reducing neck pain intensity in office workers who were symptomatic (P > .05), but the intervention periods were only 4 weeks in both trials. 38, 60 
Discussion
This systematic review of 27 RCTs provides evidence for the impact of workplace-based interventions on neck pain in office workers. Most evidence focused on exercise interventions, with less attention directed toward ergonomic interventions. A key finding of the review was that neck/shoulder-specific strengthening exercise was effective in reducing neck pain intensity in office workers who were symptomatic, but did not demonstrate effectiveness in a general population of office workers. The latter finding may represent a floor effect, as individuals who are pain free at baseline may dilute the impact of the intervention on pain intensity. Evidence on the prevention of neck pain in office workers was very limited. However, there is high-quality evidence based on a single trial that combined neck endurance and stretching exercises might be efficacious for the "at risk office workers." 5 For ergonomic interventions, the available, albeit limited evidence suggests that multiple workstation adjustments are effective in office workers who are symptomatic, 45 while evidence for a general population of office workers was conflicting and of low quality. The lack of high-quality ergonomic intervention trials targeted at A single 52-week trial (n = 150) found a downward-angled computer monitor more effective compared to an upward-angled monitor in reducing neck pain (P = .04), but this was low-quality evidence (downgraded for imprecision). 57
Effects of Other WorkplaceBased Interventions
Eight trials studied the effects of other workplace-based interventions, including education, 36, 42 CBT, 44 work breaks, 52, 58, 59 and myofeedback. 38, 60 Two trials (n = 545) of moderatequality evidence (downgraded for imprecision) supported the ineffectiveness of 4 to 26 weeks of group education versus no intervention on reducing neck pain intensity in office workers who were symptomatic (P>.05). 36, 42 There was low-quality evidence (downgraded for risk of bias and imprecision) based on a single trial (n = 79) for the ineffectiveness of 10 weeks of CBT on reducing neck pain intensity in a general population of office workers (P > .05). 44 Two trials (n = 191) of very low-quality evidence (downgraded for risk of bias and imprecision) found that 8 weeks of supplementary work breaks were effective in reducing neck pain intensity in a general population of office workers 52, 58 (P < .05), but another trial (n = 268), which was of moderate quality (downgraded for imprecision), failed to find its effectiveness in office workers who were symptomatic. 59 Two trials (n = 144) of moderate quality (downgraded for risk of bias) found myofeedadjustments on neck pain incidence in a general population of office workers compared to no intervention. 35, 40, 55 Only one 26-week trial (n = 80) studied the impact of multiple workstation adjustments on office workers who were symptomatic and found it efficacious compared to no intervention (P < .0001). 45 This trial was, however, of very low quality (downgraded for risk of bias and imprecision), and participation was not reported. 45 Three RCTs studied the impact of an alternative mouse 43, 56 and arm support 41,43,56 on neck pain incidence/ prevalence in a general population of office workers. Meta-analysis of two 52-week trials (of moderate-quality evidence, downgraded for imprecision) (n = 364) suggested the alternative mouse (eg, vertical handle/trackball) may be important in reducing neck pain incidence, as the results neared significance (RR = 1.60; 95% CI = 0.99 to 2.60) (I 2 = 0%) (P = .06) (Fig. 4) . 43, 56 Three trials (n = 447) of low-quality evidence (downgraded for inconsistency) found conflicting evidence for the effect of arm support compared to no arm support in reducing neck pain incidence/ prevalence. Two of these trials found 6 weeks or 52 weeks of arm support ineffective. 41, 43 The third 52-week trial found a beneficial effect of arm support; however, there was no assessor blinding and the attrition rate was 31%. 56 The 3 trials also had large differences in intervention lengths (6 versus 52 weeks). 41, 43, 56 Forest plot for improvement in pain incidence with an alternative mouse intervention versus a conventional mouse in a general population of office workers (with or without neck pain) on the basis of a pooled analysis of 2 trials (in order of increasing relative risk [RR] and where weight = weighted average 21 ). The RRs were calculated using pain incidence or prevalence values of the individual studies, and the pooled analysis was based on the random-effects model (in order of increasing RR and where weight = weighted average 21 ).
The results from this review are relevant for employers and policymakers. Our results suggest that exercise interventions are best targeted toward symptomatic or "at risk" office workers. However, given that approximately half of office workers may suffer from neck pain within a 12-month period, 1,2,5,8 it could be argued that interventions should be offered to all office workers irrespective of their neck pain status. Logistical and equity issues may also limit undertaking workplace interventions for select groups of workers. This review could not make firm conclusions on the effects of most ergonomic interventions due to the lack of RCTs targeted at office workers who were symptomatic.
Several methodological issues were identified in this review. Forty-one percent of the RCTs were rated "unclear" for participation, as most of these studies did not report participation (performance bias). In addition, most studies did not report concealed allocation, potentially contributing to selection bias. However, it is understood that concealed allocation can be difficult to perform logistically due to the risk of contamination (eg, in an openplan workplace). Furthermore, 30% of the RCTs had unclear randomization methodologies. There were also issues surrounding the use of neck pain as a measurement of intervention impact. Pain intensity was of limited value in detecting intervention impact in individuals without neck pain at baseline (ie, many of those in the general population). In addition, the surveyed time frames for pain varied considerably, from pain in the last 3 days 49 to pain in the last 12 weeks. 27 We suggest future studies use a combination of pain intensity and incidence outcomes, particularly for those studying the prevention of neck pain. Future studies should also provide clear criteria for the classification of neck case/incidence status and pain survey time frames. We also recommend subgroup analyses of symptomatic, asymptomatic, and possibly "at risk" groups to be performed. Inconsistencies in definitions have been acknowledged in previous studies to affect study outcomes, 66, 67 hence future research with specific case definitions Additionally, this review observed that higher participation in exercise influences the size of the effect, with SMDs ranging from 0.74 to 1.29 for studies reporting participation rates of 66% to 87% but SMDs of 0.23 and 0.46 for studies with participation rates of 56% and 45%, respectively. Interestingly, the longer-duration RCTs (20-52 weeks) 27, 32 reported reduced participation (45%-56%), which may have also influenced their pain outcomes. Our findings support previous evidence which found a significant dose-response relationship between participation in a training intervention and neck pain reduction. 62, 63 As it is out of scope of this review to robustly analyze the effect of participation on effect size, future studies should consider using specific methods such as the complier average causal effect to estimate treatment effect among compliers. 64 Although ergonomic strategies are considered best practice at workplaces for office workers, 65 our review found low-quality and conflicting evidence to support the implementation of multiple workstation adjustments in a general population of office workers. Ergonomic interventions which directly influence neck posture, such as varying monitor angle placement, may be efficacious for some office workers, 57 while an alternative mouse use may be promising in reducing neck pain incidence. Generally, this review found the ergonomic trials were of lower quality and smaller sample size than the ergonomic interventions, and hence more ergonomic RCTs are required to form firmer conclusions. Evidence was generally not in favor of the other workplace-based interventions such as group education, CBT, and myofeedback in office workers who were symptomatic. These interventions were not specifically targeted to the neck/shoulder, which may explain the lack of effect. There was very low-quality evidence to suggest that taking additional work breaks can help reduce discomfort in a general population of office workers. 52, 58 However, no effect was found in office workers who were symptomatic, which suggests that work breaks alone are probably insufficient for the individuals who were symptomatic and might benefit more from exercise.
office workers who were symptomatic warrants future research.
This study extends previous reviews by examining the impact on both intensity and incidence/prevalence of neck pain. Moreover, analysis was performed separately for a general population of office workers (ie, with or without neck pain), as well as a subpopulation of office workers who were symptomatic. As intervention effects were unique to the subpopulation studied, this represents an important strength of the review. Several limitations were associated with the interpretation of this review's results. First, data could not be obtained from some authors for a more comprehensive analysis. Second, our review has focused on self-reported pain. While pain is often the major concern of an affected individual, future reviews may need to also target more functional outcomes (ie, neck disability, sick leave). Third, reporting bias might be present, as only studies in the English language were included.
In comparison to the present review, a previous review found exercise interventions ineffective compared to no interventions in workers with workrelated arm, neck, or shoulder complaints. 12 The review was, however, not specific to office workers, and hence only 1 of their 5 studies was included in this review. 51 Our results were consistent with another review of neck/shoulder strengthening and stretching exercises for neck disorders in the symptomatic (working/nonworking) population. 61 However, the same review also found evidence for the ineffectiveness of general fitness exercises. In comparison, our review included an additional large study (n = 549) 32 for meta-analysis, and found a small effect in favor of general fitness exercises for office workers who were symptomatic. The present review also explored factors that may influence the effectiveness of exercise training regimens on pain outcomes. The type of training was one of the factors that appeared important because in office workers who were symptomatic, strengthening exercises that were specifically targeted to the neck/ shoulder region produced superior effect sizes than general fitness training. and subgrouping of the study population may yield more consistent and stronger clinical recommendations. Future studies should also consider reporting both intention-to-treat and per-protocol results based on achieving a minimum participation level. A recent study recommended 70% participation as the cutoff point for per-protocol analysis, 68 a recommendation that is supported by our observation that participation of greater than or equal to 66% was associated with a larger effect size. However, more studies are needed to confirm the recommendations for cutoffs and standards for reporting participation. We additionally recommend future studies to adopt transparency with the reporting of adverse effects. Finally, research on primary neck pain prevention was limited and more studies in this area are warranted.
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